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ABSTRACT 

I 
Thi s  volume summarizes t h e  r e s u l t s  o f  a  s t u d y  t o  

I 
"i a s s e s s  t h e  r e l a t i v e  m e r i t s  of l o c a t i n g  E a r t h - o r b i t a l  exper iments  
f'7 
\ i n  e i t h e r  a  CSM/Pallet o r  an AA LEM on e a r l y  SAA mis s ions .  The 

p r i n c i p a l  r e s u l t s  and conc lu s ions  of t h e  s t u d y  a r e :  
I 

CI 1. With t h e  p o s s i b l e  e x c e p t i o n  of t h e  P a l l e t ' s  c a p a c i t y  
I (i 

I 
u t o  suppo r t  a group of  "Ear th  Sens ing  A p p l i c a t i o n s "  
a 
n exper iments ,  bo th  modules a r e  capab le  o f  accommodating 

11 r an a s s i g n e d  set  o f  r e p r e s e n t a t i v e ,  OSSA exper iments .  
B eP1 

I 1  2 .  The average  t i m e  a v a i l a b l e  f o r  S/C m o d i f i c a t i o n  a t  KSC 

' r z l M 4  
i s  i n s u f f i c i e n t  f o r  bo th  t h e  AA LEM and t h e  CSM/Pallet, 

' m a d  t h e  average  d e f i c i e n c i e s  be ing  2 1  working days p e r  
, ~2 01 8, LEM A/S, 5 working days p e r  LEN D/S, and 1 4  working 

h m -  
a vl 

days  p e r  SM. The o v e r a l l  LEM d e f i c i e n c y  i s  t h u s  7 
working days g r e a t e r  t h a n  t h a t  of  t h e  SM. 

3. Payload i n t e g r a t i o n  c o s t s ,  i n c l u d i n g  d e s i g n ,  development,  
f a b r i c a t i o n ,  and i n s t a l l a t i o n  i n  f l i g h t  S/C canno t  be  
s a i d  t o  d i f f e r  apprer,iabQr f o r  t h e  CSM/Pallet and t h e  
AA LEM, based  on' c o s t  i n f o r m a t i o n  a v a i l a b l e  a t  t h i s  
w r i t i n g .  I n c l u s i o n  o f  t h e  c o s t  o f  modifying an Apol lo  
LEM t o  an AA LEM c o n f i g u r a t i o n  r e s u l t s  i n  a  s i g n i f i c a n t  
i n c r e a s e  i n  t h e  c o s t  o f  AA LEM u s e  r e l a t i v e  t o  CSM/ 
P a l l e t  u se .  

It i s  concluded t h a t  i f  AA LEM m o d i f i c a t i o n  c o s t s  
are exc luded  from c o n s i d e r a t i o n ,  no c l e a r  cho i ce  between t h e  
modules can b e  i n f e r r e d  from t h e  a r e a s  o f  suppo r t  c a p a b i l i t y ,  
s c h e d u l e s ,  o r  c o s t s .  The cho i ce  t h e n  r e s t s  on less e a s i l y  
q u a n t i f i a b l e  c o n s i d e r a t i o n s ,  some of which have been d i s c u s s e d  
i n  t h e  t e x t .  
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SUBJECT: Experiment  Suppor t  E f f e c t i v e n e s s  DATE: A p r i l  2 0 ,  1 9 6 6  
of  LEM and CSM f o r  Sa tu rn -Apo l lo  
A p p l i c a t i o n s  - Case 218 FROM: D .  J .  Be lz  

TECHNICAL MEMORANDUM 

INTRODUCTION 

T h i s  memorandum summarizes t h e  r e s u l t s  of a  s tut ly  t o  
d e t e r m i n e  a p r e l i m i n a r y  p l a n n i n g  b a s i s  f o r  s e l e c t i n g  mounting 
l o c a t i o n s  o f  e x p e r i m e n t s  t o  be  f lown on e a r l y  Sa tu rn -Apo l lo  
A p p l i c a t i o n s  m i s s i o n s  as d e f i n e d  i n  t h e  ML-3 F l i g h t  Miss ion  
Assignment P l a n .  S p e c i f i c a l l y ,  t h e  r e l a t i v e  m e r i t s  o f  
l o c a t i n g  E a r t h  o r b i t a l  e x p e r i m e n t s  i n  e i t h e r  a  CSM c o n t a i n i n g  
an Apol lo  Exper imen t s  P a l l e t  o r  i n  an  A l t e r n a t e  Apo l lo  LEM 
were c o n s i d e r e d .  

Both s p a c e c r a f t  modules have been  e v a l u a t e d  from 
t h e  s t a n d p o i n t  o f :  

a .  p h y s i c a l  c a p a b i l i t y  t o  s u p p o r t  a r e p r e s e n t a t i v e  
s e t  of  E a r t h  o r b i t a l  e x p e r i m e n t s ,  

b .  m o d i f i c a t i o n ,  c h e c k o u t ,  and l aunch  s c h e d u l e s ,  
and 

c .  development c o s t s .  

R e s u l t s  of  t h e  s t u d y  i n  e a c h  o f  t h e s e  a r e a s  a r e  d i s c u s s e d  
i n  t h e  f o l l o w i n g  s e c t i o n s .  A b r i e f  d i s c u s s i o n  o f  l e s s  
e a s i l y  q u a n t i f i a b l e  f a c t o r s  a f f e c t i n g  a  c h o i c e  o f  LEM v s  
CSM f o r  expe r imen t  l o c a t i o n  i s  a l s o  p r e s e n t e d .  

SUPPORT CAPABILITY FOR REPRESENTATIVE EXPERIMENTS 

The a b i l i t y  o f  a CSM/Pallet and an AA LEM t o  
s u p p o r t  r e p r e s e n t a t i v e  s e t s  o f  e x p e r i m e n t s  h a s  been s t u d i e d  
w i t h i n  NASA/MLS and r e p o r t e d  i n  R e f e r e n c e s  1 and 2 which 
a r e  t o  be c o n s i d e r e d  compani.on volumes t o  t h e  p r e s e n t  
memorandum. The e x p e r i m e n t s  and exper imen t  g r o u p i n g s  f o r  
e i g h t  e a r l y  SAA f l i g h t s  were adopted  f rom a  c o m p i l a t i o n  
p r e p a r e d  w i t h i n  NASA/OSSA ( R e f e r e n c e  3 ) ;  e s t i m a t e s  o f  
s u p p o r t  r e q u i r e m e n t s  f o r  t h o s e  e x p e r i m e n t s  have p r e v i o u s l y  
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been made by McDonnell A i r c r a f t  and t h e  M a r t i n  Co. 
as P a l l e t  d e f i n i t i o n  s t u d y  c o n t r a c t o r s ,  GAEC as a n  AAPMPTF 
s u p p o r t  c o n t r a c t o r ,  and IITRT ( R e f e r e n c e s  4-8) .  GAEC 
e s t i m a t e s  g e n e r a l l y  i n c o r p o r a t e  d a t a  f r o m  t h e  I ITRI  s t u d y ;  
o t h e r w i s e ,  e s t i m a t e s  of s u p p o r t  r e q u i r e m e n t s  have been  a r r i v e d  
a t  i n d e p e n d e n t l y  by t h e  v a r i o u s  c o n t r a c t o r s  c i t e d  above .  
A s  a r e s u l t ,  expe r imen t  r e q u i r e m e n t s  can  o f t e n  be 
s t a t e d  on ly  i n  t e rms  of a r a n g e  of e s t i m a t e d  v a l u e s . *  

Tab le  1 summarizes expe r imen t  and  subsys tem 
s u p p o r t  r e q u i r e m e n t s  f o r  f l i g h t s  210 t h r o u g h  214, 218,  219, 
and 513.  I n d i v i d u a l  e x p e r i m e n t s  i n c l u d e d  i n  e a c h  e x p e r i -  
ment group a r e  l i s t e d  by t i t l e  i n  t h e  Appendix t o g e t h e r  
w i t h  t h e i r  r e q u i r e d  o r b i t a l  o r  m i s s i o n  c h a r a c t e r i s t i c s ,  
Numbers i n  p a r e n t h e s e s  a r e  subsys tem s u p p o r t  r e q u i r e m e n t s  
cha rged  t o  e x p e r i m e n t s .  I n  g e n e r a l ,  such  r e q u i r e m e n t s  
a r e  d i f f e r e n t  f o r  t h e  two modules p r i m a r i l y  b e c a u s e  t h e  
AA LEM b a s e l i n e  c o n f i g u r a t i o n  p r o v i d e s  most of t h e  needed 
s u p p o r t  whereas t h e  P a l l e t  i t s e l f  i s  r e q u i r e d  t o  s u p p l y  
subsys tem s u p p o r t .  Where expe r imen t  r e q u i r e m e n t s  a r e  
s t a t e d  as a r a n g e  of e s t i m a t e d  v a l u e s ,  t h e  maximum t o t a l  
r e q u i r e m e n t  i s  t a k e n  t o  be t h e  sum of t h e  maximum e x p e r i -  
ment r e q u i r e m e n t  p l u s  e s t i m a t e d  subsys tem s u p p o r t  v a l u e s .  
Numbers p receded  by a " g r e a t e r  t h a n "  ( > )  s i g n  a r e  a n t i -  
c i p a t e d  t o  be l a r g e r  t h a n  t h e  s p e c i f i e d  q u a n t i t i e s .  

F i v e  measures  of r e q u i r e m e n t s  (and S/C c a p a b i l i t i e s )  
have been employed: we igh t ,  volume, e l e c t r i c a l  e n e r g y ,  
d a t a  r e t u r n  we igh t ,  and a s t r o n a u t  t i m e .  Othe r  f a c t o r s  
of s imilar  impor tance  a r e  n o t  d i s c u s s e d  due  t o  t h e  v e r y  
p r e l i m i n a r y  s t a t e  of d e f i n i t i o n  of many e x p e r i m e n t s  con- 
s i d e r e d .  

Exper iment  s u p p o r t  c a p a b i l i t i e s  of t h e  CSM/Pallet 
and AA LEM a r e  l i s t e d  i n  T a b l e  2 .  CSM/Pallet w e i g h t ,  
volume, d a t a - r e t u r n  w e i g h t ,  and a s t r o n a u t  t i m e  a r e  i n d e -  
pendent  of m i s s i o n s  and  e x p e r i m e n t s ;  e l e c t r i c a l  e n e r g y  
a v a i l a b l e  i s  de te rmined  by t h e  number of 12 KWH b a t t e r i e s  
c a r r i e d  on t h e  P a l l e t  and t h u s  v a r i e s  f rom f l i g h t  t o  
f l i g h t .  AA LEM volume, d a t a  r e t u r n  we igh t ,  and a s t r o -  
n a u t  t i m e  a r e  independen t  of m i s s i o n s .  Weight and  e l e c t r i c a l  
ene rgy ,  however, a r e  v a r i a b l e  f rom f l i g h t  t o  f l i g h t .  

* I n  no c a s e ,  however2, s h o u l d  t h e s e  r e q u i r e m e n t s  be 
i n t e r p r e t e d  a s  o t h e r  t h a n  p r e l i m i n a r y  e s t i m a t e s  assumed 
f o r  p u r p o s e s  of t h i s  s t u d y .  



A compar ison  of T a b l e s  1 and 2 i n d i c a t e s  t h a t :  

( a )  The A A  LEM i s  c a p a b l e  of  s u p p o r t i n g  a l l  a s s i g n e d  
e x p e r i m e n t s  w i t h i n  t h e  l i m i t s  o f  i t s  b a s e l i n e  
c o n f i g u r a t i o n ,  e x c e p t  on f l i g h t s  213 and 218 
where f o u r  a d d i t i o n a l  50 KWH b a t t e r i e s  a r e  
r e q u i r e d .  The a d d i t i o n  of such  b a t t e r i e s  i s  
w e l l  w i t h i n  t h e  c a p a b i l i t y  of AA LEM, r e n d e r i n g  
i t  e n t i r e l y  s u i t a b l e  a s  a  v e h i c l e  f o r  t h e  
a s s i g n e d  e x p e r i m e n t s .  

( b )  The CSM/Pallet i s  c a p a b l e  of s u p p o r t i n g  t h e  
a s s i g n e d  e x p e r i m e n t s  w i t h  t h e  e x c e p t i o n  of t h e  
" E a r t h  S e n s i n g  A p p l i c a t i o n s "  group on f l i g h t  
2 1 9 .  There  t h e  we igh t  and volume c a p a b i l i t y  of 
t h e  P a l l e t  a r e  exceeded .  It s h o u l d  be n o t e d ,  
however, t h a t  t h e  P a l l e t  i s  c a p a b l e  of s u p p o r t -  

. i n g  t h e  lower  e s t i m a t e  of r e q u i r e d  we igh t  and 
volume i n d i c a t e d  i n  T a b l e  1. It can t h e r e f  o r e  
be conc luded  t h a t  t h e  adequacy of  t h e  P a l l e t  t o  
s u p p o r t  t h e  E a r t h  s e n s i n g  e x p e r i m e n t s  i s  q u e s t i o n -  
a b l e ;  a d e f i n i t i v e  a s s e s s m e n t  must a w a i t  b e t t e r  
expe r imen t  d e f i n i t i o n .  

I t  i s ,  of  c o u r s e ,  p o s s i b l e  t o  c o n c e i v e  of e x p e r i - -  
ment groups  t h a t  w i l l  exceed  t h e  s u p p o r t  of  b o t h  CSM/ 
P a l l e t  and AA LEM. However, i t  h a s  been shown t h a t  e a c h  
module i s  c a p a b l e  of s u p p o r t i n g  t h e  e x p e r i m e n t s  a s s i g n e d  
i n  t h i s  s t u d y ,  wi th  t h e  q u a l i f i c a t i o n s  n o t e d  above .  It 
s h o u l d  a l s o  be n o t e d  t h a t  t h e  AA LEM i s  p o t e n t i a l l y  c a p a b l e  
of s u p p o r t i n g  a  l a r g e  c l a s s  of p a y l o a d s  n o t  ' s u i t a b l e  f o r  
t h e  P a l l e t ,  e . g .  t h o s e  r e q u i r i n g  p r e s s u r i z e d  volumes,  u n p r e s s u r i z e d  

volumes g r e a t e r  t h a n  147 f t  .3, and e l e c t r i c a l  e n e r g y  gr3eater7 
t h a n  168  KWH. 

MODIFICATION, CHECKOUT, AND LAUNCH SCHEDULES 

KSC checkout  o p e r a t i o n s  f o r  A l t e r n a t e  Apo l lo  
s p a c e c r a f t  have been  a n a l y z e d  t o  e s t i m a t e  t h e  t o t a l  number 
of working  days  r e q u i r e d  f o r  checkout  of e a c h  module 
( R e f e r e n c e  9 )  . Reduc t ions  i n  c u r r e n t  Ground O p e r a t i o n s  
Requirements  P lan  ( GORP) s c h e d u l e s  were made t o  e l i m i n a . t e  
checkout  t i m e s  f o r  sys t ems  n o t  r e q u i r e d  i n  A l t e r n a t e  Apol lo  
E a r t h  o r b i t a l  m i s s i o n s ,  e  . g .  LEM Ascent S t a g e  p r o p u l s i o n ,  
G & N  sys tem,  l a n d i n g  g e a r  and l a n d i n g  r a d a r .  The checkout  
t i n e  f o r  t h e  S e r v i c e  Module canno t  be  s h o r t e n e d  s i r i ce  a l l  
SM sys tems  a r e  r e t a i n e d  i n  A l t e r n a t e  Apo l lo  m i s s i o n s .  



The a v e r a g e  number of working  days  between Apol lo  
CSM/LEM d e l i v e r y  d a t e s  and  ML-3 l aunch  d a t e s  i s  a p p r o x i m a t e l y  
88  f o r  a  CSM and 99 f o r  a  LEM. By s u b t r a c t i n g  e s t i m a t e d  
checkou t  t i m e s  f r o m  t h e  a v e r a g e  number of  days  e a c h  f l i g h t  
module i s  a v a i l a b l e  a t  KSC, an e s t i m a t e  of t h e  number of 
working  days  a v a i l a b l e  f o r  S/C m o d i f i c a t i o n  and p r imary  
exper imen t  i n s t a l l a t i o n  was o b t a i n e d .  It i s  assumed t h a t  
expe r imen t  checkou t  on an i n t e g r a t e d  s p a c e c r a f t  can be 
accompl i shed  w i t h i n  t h e  t i m e  a v a i l a b l e  f o r  b a s i c  s p a c e c r a f t  
c h e c k o u t .  The r e s u l t s  a r e  summarized i n  T a b l e  3 .  

M o d i f i c a t i o n  t i m e s  r e q u i r e d  f o r  A l t e r n a t e  S p a c e c r a f t  
have been e s t i m a t e d  by TRW u n d e r  d i r e c t i o n  f rom KSC ( ~ e f ' e r z n c e  1 0 ) .  
Approximate d u r a t i o n s  r e q u i r e d  f o r  each  module a r e :  

LEM A/S 
LEM D/S 
SM 

52 working  days 
35 working  days 
1 8  working  days  

The a v e r a g e  t i m e  a v a i l a b l e  f o r  m o d i f i c a t i o n  a t  
KSC i s  t h e r e f o r e  i n s u f f i c i e n t  f o r  b o t h  LEM and CSM, t h e  
a v e r a g e  d e f i c i e n c y  b e i n g  2 1  working  days  p e r  LEM A/S, 
f i v e  working  days  p e r  LEM D/S, and  f o u r t e e n  working  days  
p e r  SM. The o v e r a l l  LEM d e f i c i e n c y  i s  t h u s  seven  working 
days  g r e a t e r  t h a n  t h a t  of t h e  SM. 

COST COMPARISON 

T h i s  s e c t i o n  i s  p r i m a r i l y  concerned  w i t h  c o s t s  
a r i s i n g  f rom d e s i g n ,  development ,  f a b r i c a t i o n ,  and i n s t a l l a -  
t i o n  of e x p e r i m e n t s  i n t o  a CSM/Pallet o r  A l t e r n a t e  Apo l lo  LEM. 

LEM c o s t s  a r e  b a s e d  on e s t i m a t e s  p r e p a r e d  by GAEC 
as r e p o r t e d  i n  R e f e r e n c e s  11 and 12;  t h o s e  a s s o c i a t e d  w i t h  
t h e  CSM/Pallet a r e  as s t a t e d  i n  Refe rence  1, which p r e s e n t s  
c o s t  e s t i m a t e s  b a s e d  on v e r b a l  communications w i t h  r e p r e s e n t a -  
t i v e s  of NASA/MSC, Nor th  Ameri-can A v i a t i o n ,  and t h e  Apo l lo  
Exper imen t s  P a l l e t  d e f i n i t i o n  s t u d y  c o n t r a c t o r s .  

N o n r e c u r r i n g  and  r e c u r r i n g  c o s t s  a t t r i b u t a b l e  t o  
i n t e g r a t i o n  and i n s t a l l a t i o n  of e x p e r i m e n t s  i n t o  an AA LEM 
a r e  shown i n  T a b l e  4; f o l l o w i n g  t h e  GAEC c o n v e n t i o n ,  non- 
r e c u r r i n g  c o s t s  a r e  a s s i g n e d  t o  t h e  f i r s t  f l - i g h t  i n  which 
such  c o s t s  a r e  i n c u r r e d .  A c t i v i t i e s  l i s t e d  i n  Tab le  4 
i n c l u d e  t h e  f o l l o w i n g :  

1. Design e n g i n e e r i n g  - d e f i n i t i o n  of s u b s y s  tern 
c a p a b i l i t i e s ;  d e s i g n  and t e s t  of c o m p a t i b i l i t y  
equipment  t o  p r o v i d e  an i n t e r f a c e  between exper imen t  
and s p a c e c r a f t  . 
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2 .  Suppor t  e n g i n e e r i n g  - d e s i g n ,  development ,  
and procurement  of  GSE t o  checkout  i n s t a l l e d  
e x p e r i m e n t s  and c o m p a t i b i l i t y  equ ipmen t .  

3 .  T o o l i n g  - a s s o c i a t e d  w i t h  f a b r i c a t i o n  and i n s t a l -  
l a t i o n  of expe r imen t  c o m p a t i b i l i t y  equ ipmen t .  

4 .  P r o d u c t i o n  - f a b r i c a t i o n  of hardware  f o r  above 
a c t i v i t i e s  ( i n c l u d e s  GSE f a b r i c a t i o n ) .  Exper iment  
i n s t a l l a t i o n  a t  KSC i s  i n c l u d e d  u n d e r  p r o d u c t i o n  
t a s k s .  

Cos t  e s t i m a t e s  a s s o c i a t e d  w i t h  t h e  i n t e g r a t i o n  of 
e x p e r i m e n t s  i n t o  an Apo l lo  P a l l e t  and i n t e g r a t i o n  of t h e  
P a l l e t  i n t o  a CSM a r e  e x p e c t e d  t o  b e  a v a i l a b l e  f rom t h e  
P a l l e t  d e f i n i t i o n  s t u d y  c o n t r a c t o r s  and Nor th  American 
A v i a t i o n  b e f o r e  t h e  end  of A p r i l  1966.  I n  t h e  i n t e r i m ,  
P a l l e t  c o s t  e s t i m a t e s  p r e s e n t e d  i n  Refe rence  1 a r e  u s e d  
as a b a s i s  f o r  t h i s  s t u d y .  Such f i g u r e s  a r e  n o t  as d e t a i l e d  
as t h o s e  q u o t e d  above f o r  t h e  AA LEM n o r  a r e  t h e y  a n t i c i -  
p a t e d  t o  be  a n y t h i n g  o t h e r  t h a n  rough a p p r o x i m a t i o n s .  

N o n r e c u r r i n g  c o s t s  shown i n  T a b l e  5 a r e  b a s e d  on 
a t o t a l  of f i v e  f l i g h t  p a l l e t s ;  i t  i s  n o t  a n t i c i p a t e d  t h a t  
t h e s e  w i l l  be s i g n i f i c a n t l y  p e r t u r b e d  by an i n c r e a s e  o r  
d e c r e a s e  of one i n  t h e  number of f l i g h t  a r t i c l e s  p l a n n e d .  
It i s  t h u s  p o s s i b l e  t o  compare n o n r e c u r r i n g  CSM/Pallet 
c o s t s  shown i n  T a b l e  5 w i t h  t h o s e  f o r  t h e  AA LEM ( T a b l e  4). 
T h i s  comparison i s  i l l u s t r a t e d  i n  T a b l e  6 .  R e c u r r i n g  c o s t s  
a r e  shown as a v e r a g e  c o s t s  p e r  f l i g h t  a r t i c l e .  

Some development  c o s t s  p r e v i o u s l y  a s s o c i a t e d  w i t h  
t h e  i n t e g r a t i o n  of  M&SS cameras i n  SM S e c t o r  I may be 
a t t r i b u t a b l e  t o  P a l l e t  i n t e g r a t i o n  s i n c e  t h e  OMSF decisior.1 
n o t  t o  f l y  M&SS cameras i n  S e c t o r  I of t h e  SM. Such c o s t s  
have n o t ,  however, been  i n c l u d e d  i n  t h i s  compar ison .  AA 
LEM c o s t s  shown do n o t  i n c l u d e  t h e  m o d i f i c a t i o n  of a n  
Apo l lo  LEM t o  an A l t e r n a t e  Apo l lo  LEM c o n f i g u r a t i o n . #  

T a b l e  6 i n d i c a t e s  t h a t ,  g i v e n  an  Apo l lo  CSM and 
an A l t e r n a t e  Apo l lo  LEM, i t  i s  more c o s t l y  t o  f l y  e x p e r i -  
ments u s i n g  a CSM/Pallet c o n f i g u r a t i o n  t h a n  an  A A  LEM. 
The s i g n i f i c a n c e  of t h i s  i n d i c a t i o n  i s  q u e s t i o n a b l e ,  however,  
i n  view of t h e  v e r y  approx ima te  n a t u r e  of t h e  CSM/Pall.et 

%Such c o s t s  have  been  e s t i m a t e d  by GAEC and MSC t o  be 
6 6 a p p r o x i m a t e l y  $50 X 10 n o n r e c u r r i n g  and $5 X 10 / f l i g h t  r e c u r r i n g ,  

e x c l u s i v e  of t h e  c o s t s  of crew t r a i n i n g  and  m i s s i o n  s i m u l a t i o n .  



c o s t s  a v a i l a b l e .  The n o n r e c u r r i n g  c o s t s ,  which d i f f e r  by 4.2%, 
a r e ,  f o r  p r a c t i c a l  p u r p o s e s ,  i n d i s t i n g u i s h a b l e .  

CSM/Pallet r e c u r r i n g  c o s t s  a r e  31.6% h i g h e r  t h a n  
a v e r a g e  A A  LEM r e c u r r i n g  c o s t s .  R e c u r r i n g  c o s t s  t h e r e f o r e  do o r  
do n o t  d i f f e r  a p p r e c i a b l y  depend ing  on whe the r  i t  i s  assumed 
t h a t  t h e  sum of t h e  p e r c e n t a g e  e r r o r s  i n  e a c h  e s t i m a t e  i s  
l e s s  t h a n  o r  g r e a t e r  t h a n  3 1 . 6 % .  F o r  example,  a  +16% e r r o r  
i n  e a c h  r e c u r r i n g  c o s t  e s t i m a t e  i s  s u f f i c i e n t  t o  r e v e r s e  tile 
cone l u s i o n  t h a t  CSM/Pallet r e c u r r i n g  c o s t s  a r e  g r e a t e r  t h a n  
t h o s e  f o r  t h e  A A  LEM. 

It i s  t h e r e f o r e  conc luded  t h a t  p a y l o a d  i n t e g r a t i o n  
c o s t s ,  i n c l u d i n g  d e s i g n ,  development ,  f a b r i c a t i o n ,  and  
i n s t a l l a t i o n ,  canno t  be  s a i d  t o  d i f f e r  a p p r e c i a b l y  f o r  t h e  
CSM/Pallet and t h e  AA LEM, based  on c o s t  i n f o r m a t i o n  a v a i l -  
a b l e  a t  t h i s  w r i t i n g .  

GENERAL CONSIDERATIONS 

The r e l a t i v e  m e r i t s  of an A A  LEM o r  CSM/Pallet 
f o r  A l t e r n a t e  Apol.10 exper imen t  s u p p o r t  a r e  dependent  on 
s e v e r a l  g e n e r a l  c o n s i d e r a t i o n s  i n  a d d i t i o n  t o  t h o s e  d i s c u s s e d  
above .  A nurnbc:r of Lhese a r e  sumrnarized i n  t h i s  s e c t i o n .  

1. CSD/I/Pallet Advantages - A v a i l a b i l i t y  of a P a l l e t  would: 

( a )  p e r m i t  "CSIVI on3.y" f l i g h t s ,  

( b )  p r o v i d e  a means of a c h i e v i n g  a t  l e a s t  p a r t i a l  
m i s s i o n  s u c c e s s  on of f -nominal  d u a l  I  aunch f l i g h t s  
i n  which t h e  CSM-LEM rendezvous  i s  n o t  a c t u a l l y  
accompl ished ,  and 

( c )  p r o v i d e  a c a p a b i l - i t y  f o r  CSM l i f e t i m e  e x t e n s i o n  by 
l o a d i n g  t h e  P a l l e t  w i t h  b a t t e r i e s ,  GOX, LiOH, etc. 

Pay load  i n t e g r a t i o n  a c t i v i t i e s  can  be pe r fo rmed  
w i t h  a  f l i g h t - a r t i c l e  P a l l e t  e a r l i e r  t h a n  a  f l i g h t - a r t i c l e  
LEM. I n  a d d i t i o n ,  i t  may be p o s s i b l e  t o  mount a P a l l e t  on 
t h e  LEM D/S o r  on an SIV-B Spent  S t a g e  Experiment  Support,  
Module . 
2 .  CSM/Pallet D i s a d v a n t a g e s  - Unless  a d j a c e n t  KCS t h r u s t e r s  
a r e  d i s a b l e d ,  t h r u s t e r  plumes imping ing  on exper imen t  
s e n s o r s  may d e g r a d e  t h e  q u a l i t y  of e x p e r i m e n t a l  d a t a .  
S i m i l a r l y ,  w a s t e s  r e l e a s e d  frorn tile ClvI may a l s o  degrade  
e x p e r i ~ n e n t s  by  i m p i n g i n g  on s e n s o r s .  On m i s s i o n s  where t h e  
"ba rbeque  r ~ o l l "  mode of CSM t h e r m a l  c o n t r o l  i s  employed, 
SC r70 ta t io r l  rnay i n t e r f e r e  w i t h  t h e  a c q u i s i t i o n  of d a t a  f o r  



some e x p e r i m e n t s . %  A s t r o n a u t  a c c e s s  t o  e x p e r i m e n t s  f o r  
s e t u p  and d a t a  r e t r i e v a l  r e q u i r e s  EVA. The r a d i o a c t i v e  
p r o p e l l a n t  gaug ing  sys t em on t h e  SM RCS may i n d u c e  f i l m  
f o g g i n g  and  e x c e s s i v e  background r a d i a t i o n  u n l e s s  a weight  
p e n a l t y  i s  p a i d  f o r  s h i e l d i n g .  

3 .  LEM Advantages - A s t r o n a u t  a c c e s s  t o  expe r imen t  e q u i p -  
ment w i t h i n  t h e  A/S p r e s s u r i z e d  volume can be  pe r fo rmed  
w i t h o u t  EVA. The o r b i t a l  s t o r a g e  p o t e n t i a l  of LEM1s w i l l ,  
i f  d e v e l o p e d ,  p r o v i d e  a c a p a b i l i t y  t o  r e u s e  c o s t l y  e q u i p -  
ment and p e r f o r m  s t u d i e s  of l o n g  d u r a t i o n  s p a c e  e f f e c t s  on 
equipment .  Development of t h e  A l t e r n a t e  Apo l lo  LEM pro -  
v i d e s  a  s t e p p i n g  s t o n e  t o  t h e  more e x t e n s i v e  c a p a b i l i t i e s  
of t h e  f ollow-on LEM Lab c o n f i g u r a t i o n .  

4 .  LEM D i s a d v a n t a g e s  - Assignment of b i o s c i e n c e  e x p e r i m e n t s  
t o  d u a l  l a u n c h  m i s s i o n s  i n  which t h e  LEM i s  l aunched  f i r s t  
n e c e s s i t a t e s  o r b i t a l  s t o r a g e  of b i o l o g i c a l  spec imens .  
Use of t h e  AA LEM on S-IB f l i g h t s  r e q u i r e s  d u a l  l a u n c h  and 
r endezvous  where u s e  of' t h e  CSM/Pallet r equ i -yes  only  one 
l aunch  v e h i c l e .  If  c o s t s  of  d e v e l o p i n g  a n  a l t e r n a t e  A p o l l o  
LEM f rom a n  A p o l l o  LEM a r e  i n c l u d e d ,  LEM f l i g h t s  a r e  more 
e x p e n s i v e  t h a n  CSM/Pallet f l i g h t s .  

CONCLUSIONS 

The r e p r e s e n t a t i v e  e a r t h  o r b i t a l  e x p e r i m e n t s  
c o n s i d e r e d  i n  t h i s  s t u d y  can ,  w i t h  t h e  q u a l i f i c a t i o n s  n o t e d  
above,  be f l o w n  on t h e  a s s i g n e d  f l i g h t s .  I n  g e n e r a l ,  t h e  
a d d i t i o n a l  c a p a b i l i t y  of t h e  LEM i s  somewhat g r e a t e r  t h a n  
t h a t  of t h e  P a l l e t .  

A c o n s i d e r a t i o n  of l a u n c h  s c h e d u l e s  and m o d i f i c a t i o n  
t i m e s  i n d i c a t e s  a d e f i c i e n c y  of t i m e  a v a i l a b l e  f o r  KSC m o d i f i -  
c a t i o n s  f o r  b o t h  modules ,  t h e  LEM d e f i c i e n c y  b e i n g  s e v e n  
working  d a y s  g r e a t e r  t h a n  t h a t  of t h e  Sly. 

C u r r e n t  e s t i m a t e s  of c o s t s  i n d i c a t e  no  s i g n i f i c a n t  
d i f f e r e n c e  i n  p a y l o a d  i n t e g r a t i o n  a c t i v i t i e s  f o r  t h e  two 
modules;  i n c l u s i o n  of t h e  c o s t  of  mod i fy ing  an Apo l lo  LEM 
t o  an AA LEM c o n f i g u r a t i o n  r e s u l t s  i n  a s i g n i f i c a n t  i n c r e a s e  
i n  t h e  c o s t  of LEM u s e  r e l a t i v e  t o  CSM/Pallet u s e .  

%This  i s  n o t  a  problem on t h e  LEM i f  e x p e r i m e n t s  a r e  
p r o p e r l y  g i m b a l l e d .  



It i s  t h e r e f o r e  concluded t h a t  if AA LEM m o d i f i c a t i o n  
c o s t s  a r e  e x c l u d e d  from c o n s i d e r a t i o n ,  no  c l e a r  c h o i c e  between 
t h e  modules can  be  i n f e r r e d  from t h e  a r e a s  of  s u p p o r t  c a p a b i l i t y  
s c h e d u l e s  o r  c o s t s  c o n s i d e r e d  above .  The c h o i c e  t h e n  r e s t s  on 
less e a s i l y  q u a n t i f i a b l e  c o n s i d e r a t i o n s ,  some o f  which have  been 
l i s t e d  i n  t h e  p r e c e d i n g  s e c t i o n .  
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TABLE 1 - EXPERIMENT AND SUPPORT REQU l REMENTS FOR FLl GHTS 210 - 214, 218, 219, AND 513 



TABLE 2 - CSMIPALLET AND AA LEN\ EXPERIMENT SUPPORT CAPABI LI'TIES 

FLIGHT F 0 .  & ELECTR l CWL EW ERGV 
S / C  CONFI GURATIBN 

84. (SEVEP! 12 KWH) 

48. (FOUR 12 KWH 

PRESSURIZED 

PRESSUR l ZED ( 5 0 .  KWH BATTER l ES 
ADDED TO Ah LEM 

BASEL I HE GONG I GURATI OM) 

( 5 0 .  KWH BATPEW I ES 
ADDED TO A A  LEN 

NOTES: I. DATA RETURN-WE1 GNT CAPABl  L l T Y  I S  5QO# FOR EACH M I S S I O N .  

2. ASTRONAUT TIME A V A I L A B L E  I S  31bQ MAN-HOURS PER M I S S I O N .  



TABLE 3 - AVERAGE MODIFICATION AND CHECKOUT TIME AVAILABLE 
AT KSC FOR ALTERNATE APOLLO FLl  GHTS 

R E Q U I R E D  M O D I F I C A T I O N  T I M E S  I N  WORKING DAYS: LEM AIS 52 

LEM D / S  35 

SM 18 

'ASSUMES TWO S H I F T S  PER WORKING DAY. 

+ASSUMES F l VE WORK l NG 3 A Y S  PER WEEK. 



TABLE 4 - COSTS OF INTEGRATION AND I NSTALLATIBN OF EXPER I MENTS 
INTO FOUR ALTERNATE APOLLO LEMS* 

DESIGP & DEVELOPMENT 

PROGRAM PLANNING 

*ALL FIGURES ARE Ill MILLIONS OF DOLLARS. 

'NONRECURR I R G  COST TOTAL 

"RECURR I K G  COST TOTAL 

'"GRAND TOTAL FOR FLIGHTS 212, 213, 218, AND 513. 



TABLE 5 - COSTS OF INTEGRATION AND INSTALLATION OF EXPERIMENTS 
AND PALLET INTO AN APOLLO C S M  

NONRECURRING 

E X P E R  IMEIIT! PALLET 
I H T E G R A T  I ON AND 
I N S T A L L A T I O N  

NOTE:  T O T A L  O F  NONRECURRIHG AhJiD REC!!RRIPI' C O S T S  FOR M L - 3  
F L I G H T S  C O N S I D E R E D  I S  29.5 M l L L l O i l  D O L L A R S  FOR F I V E  
P A L L E T  FL I t 'HTS  VS  23.9 M I L L I O N  D O L L A R S  FOR FOUR 
A A  L E M  F L I G H T S .  

TABLE 6 - COMPARISON OF AA LEM AND CSMIPALLET COSTS 

MOTE: A L L  F l  GURES A R E  IN M I  L L l O N S  O F  DOLLARS.  



APPENDIX 

EXPERIMENT/MISSION CATEGORIES 

I. M e t e o r o l o g i c a l  A p p l i c a t i o n s  

O r b i t a l  p a r a m e t e r s :  90° i n c l i n a t i o n ;  120-200 N M  a l t i t u d e  

E x p e r i m e n t s  : 

M i l l i m e t e r  Wave P r o p a g a t i o n  
Ivleasur~emerit o f  B a c k s c a t t e r  R a d i a t i o n  i n  Near  I R  
D i e l e c t r i c  Tape Camera 
P o l a r i z a t i o n  Measurements 
Atmospher ic  I o d i n e  
1 R  Tempera tu re  Sound ing  

2 .  U i o s c i e n c e  

0 1 . b i t a l  ParAarrieters:  28.5' i n c l i n a t i o n ;  120-200 N M  a l t i t u d e  

E x p e r i m e n t s  : 

Aeror~orny and Wake P h y s i c s  
Metabol-ism and P h y s i o l o g y  
F r o g  O t o l i t h  F u n c t i o n s  

3. - E a r t h  S e n s i n g  A p p l i c a t i o n s  

O t i i - t a l  P a r a r ~ ~ e t e r s  : 90' i n c l i n a t i o n ;  120-200 NM a l t i t u d e  

E x p e r i m e n t s  : 

Measurements  o f  B a c k s c a t t e r  R a d i a t i o n  i n  Near  I R  
P o l a r i z a t i o n  Measurements  
G r a v i t y  G r a d i e n t  
Magnetometer  
Plicrowave Spectrometer 
S t e l l a r  R e f r a c t i o n  P r e s s u r e  Measurement 
M u l - t i s p e c t r a l  Pho tog raphy  
L a s e r  A l t i m e t e r  and  S u p p o r t  Camera 
S i d e  Looking Radar  ( 8Gc) 
N a v i g a t i o n  and t r a f f i c  C o n t r o l .  



ha. S o l a r  Astronomy (ATM V e r i f i c a t i o n )  

O r a b i t a l  P a r a m e t e r s :  28.5* i n c l i n a t i o n ;  120-200 N M  alti t u d t .  

E x p e r i m e n t s  : 

A p o l l o  T e l e s c o p e  Mount (ATM) T e s t  
White  L i g h t  Coronagraph  
I l igh R e s o l u t i o n  X-ray T e l e s c o p e  
UV Spectrograph/Spectroheliograph 
UV S p e c t r o m e t e r  

4b. - S o l b r  Astronomy ( ATM; o p e r a t i o n a l  - e x p e r i m e n t s )  

O r b i t a l  P a r a m e t e r s :  28.5 '  i n c l i n a t i o n ;  s y n c h r o n o u s  a1 t i t u d e  

lixperirrient s : 

A p o l l o  T e l e s c o p e  Mount (ATM) U t i l i z a t i o n  
Whi te  L i g h t  Coronagraph  
H i g h  Heso l u t i o n  X-ray T e l e s c o p e  
UV Speci ,  ~ . u g r a p h / S p e c t  ro11e l ic )gr~aph  
U V  S p e c t  ro rne t e r  

5 .  I n t e r d i s c i p  Li n a r y  E;xperirnents 

O r b i t a l  P a r 2 a m c t e r s :  28.5O i n c l i n a t i o n ;  120-200 NM a l t i t u d e  

Heronorny anti Wake P h y s i c s  
X-ray Astronorriy 
Nmc l e a l a  Ernuls i on 

Mapping ( U V )  . 
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